pSAM2 is an 11-kb integrating element from Streptomyces ambofaciens. During matings, pSAM2 can be transferred at high frequency, forming pocks, which are zones of growth inhibition of the recipient strain. The nucleotide sequences of the regions involved in pSAM2 transfer, pock formation, and maintenance have been determined. Seven putative open reading frames with the codon usage typical of Streptomyces genes have been identified: traSA (306 amino acids [aal), or,f4 (84 aa), spd4 (224 aa), spdB (58 aa), spdC (51 aa), spdD (104 aa), and korSA (259 aa). traSA is essential for pSAM2 intermycelial transfer and pock formation. It could encode a protein with similarities to the major transfer protein, Tra, of pUlOl. TraSA protein contains a possible nucleotide-binding sequence and a transmembrane segment. spd4, spdB, spdC, and spdD influence pock size and transfer efficiency and may be required for intramycelial transfer. Akil-kor system similar to that of pUlOl is associated with pSAM2 transfer: the korSA (kil-override) gene product could control the expression of the traS4 gene, which has lethal effects when unregulated (Kil phenotype). The KorSA protein resembles KorA of pUlOl and repressor proteins belonging to the GntR family. Thus, the integrating element pSAM2 possesses for transfer general features of nonintegrating Streptomyces plasmids: different genes are involved in the different steps of the intermycelial and intramycelial transfer, and a kil-kor system is associated with transfer. However, some differences in the functional properties, organization, and sizes of the transfer genes compared with those of other Streptomyces plasmids have been found.
Streptomyces spp. are gram-positive mycelial soil bacteria that differ from other bacterial groups by the high G+C content of their DNA, by their complex life cycle, and by producing a large variety of antibiotics and other useful secondary metabolites.
Research on Streptomyces spp. has identified a large number of plasmids (reviewed by Hopwood et al. [19] ), including integrating plasmids capable of site-specific chromosomal integration (37) . Most of the Streptomyces plasmids are self-transmissible and can mobilize chromosomal markers. Transfer regions have been localized on several of them (pIJ101 [27] [28] [29] , pSN22 [24, 25] , SCP2 [4] , SLP1 [37] , and pSAM2 [46] ) but sequenced only in the case of some nonintegrating Streptomyces plasmids (pIJ101 [28] and pSN22 [23] [24] [25] ). Very few genes seem to be involved in plasmid transfer in Streptomyces spp. Plasmid transfer in Streptomyces spp. is almost always associated with pock formation (lethal zygosis) (19) . Pocks are zones of growth inhibition of the recipient strain. It has been suggested that pock formation is a manifestation of intramycelial transfer of plasmid (spreading) within the mycelium of the recipient culture after primary transfer (intermycelial) from the donor. while others (kor genes, for kil override) encode products that control expression of the Kil phenotype.
In pIJ101, the most studied Streptomyces plasmid, only one gene, called tra, is essential for conjugative transfer (intermycelial) and mobilization of chromosomal markers (28, 29) . Two genes, spdA and spdB, are responsible for the spreading within the recipient mycelium (28) . A kil-kor system (kiUA-korA and kilB-korB) associated with the transfer of pIJ101 has been identified (27) .
Most integrating plasmids of Streptomyces spp., including SLP1 (37) , pIJ408 (47) , pIJ110 (18) , pSE211 (7, 26) , pMEA100 (33) , and pSAM2 (40) , are also self-transmissible.
However, little is known about the genes involved in their transfer. We are interested in studying the transfer functions of integrating plasmids in Streptomyces spp. and the mechanism leading to their transfer.
pSAM2 is an 11-kb element originally isolated in Streptomyces ambofaciens, the producer of the macrolide antibiotic spiramycin (40) . It can be maintained in two different forms. In the wild-type strain S. ambofaciens ATCC 23877 (strain B1) and in a survivor of exposure to UV light, S. ambofaciens ATCC 15154 (strain B2), pSAM2 is found integrated in the chromosome. In another survivor of UV treatment, S. ambofaciens JI3212 (strain B3), pSAM2 is found simultaneously in the integrated state and as an autonomous plasmid at about 10 copies per chromosome (40) . The pSAM2 element can replicate, is self-transmissible, elicits the lethal zygosis reaction (pock formation) (40) , and mobilizes chromosomal markers (46) . Both the free form of pSAM2 and the integrated sequences of strains B1 and B2 can be transferred very efficiently. pSAM2 also has a site-specific recombina- 2.5-kb deletion from BstEII(4) of pTS39 46 pD8 5.0-kb deletion from BstEII(4) of pTS39 46 tion system very similar to that of temperate phages (6) . It consists of an attachment site, attP; an int gene, whose product promotes site-specific integration of pSAM2 by recombination with the chromosomal attachment site (atfB); and axis gene, whose product could be involved in excision of pSAM2. pSAM2 regions involved in transfer, pock formation, and plasmid maintenance have been localized on a functional map (46) .
We report here the nucleotide sequences of these regions of pSAM2. We have identified the genes involved in intermycelial and intramycelial transfer. We have also shown that a ki-kor system, similar to that of pIJlOl, is associated with pSAM2 transfer, and we have identified the genes involved in this system.
MATERIALS AND METHODS
Bacterial strains, plasmids, culture conditions, and transformation. The Streptomyces strains and plasmids used are listed in Table 1 . Streptomyces lividans 66 derivatives (20) are the commonly used host strains for cloning experiments. Escherichia coli JM101 and JM109 (58) were used as hosts for the M13 vectors, and E. coli DH5a (obtained from BRL) was used as host for the pUC19 vector (58) . General culture and genetic techniques for Streptomyces spp. were as described by Hopwood et al. (17) . Streptomyces transformants carrying the thiostrepton resistance (tsr) gene (53) , which also confers resistance to nosiheptide, were selected by using 50 ,g of nosiheptide per ml. The omega (Q) interposon containing the aadA gene conferring streptomycin and spectinomycin resistance was obtained from plasmid pHP45Q1 (41) .
DNA isolation and manipulation. Plasmid DNA was isolated from E. coli by the clear-lysate method (42) and from Streptomyces spp. by alkaline lysis (17) . M13mpl8 and M13mpl9 phage DNAs carrying inserts as well as singlestranded DNA sequencing templates were prepared as described by Messing (35) . DNA for double-strand sequencing was isolated as described by Sambrook et al. (42) , using a QIAGEN kit.
Genetic crosses. The abilities of different pSAM2 derivatives to yield pocks and the plasmid transfer efficiencies were determined as described previously (46) . DNA sequencing. For DNA sequencing, we used the dideoxy method of Sanger et al. (43) , as modified by Biggin et al. (5) . Universal M13 primers, -40 primer, or synthetic oligonucleotides synthesized on an Applied Biosystems model 381A DNA synthesizer were used. We used sequencing kits obtained from Pharmacia LKB (either the T7 sequencing kit or, to overcome the problems of band compressions in sequencing gels due to the high stability of G+C-rich structures, Deaza T7 sequencing mixes and the Gene-ATAQ sequencing kit).
cx-35S-dATP was obtained from Amersham. Sequences were determined for both strands.
Computer-assisted sequence analysis. DNA and protein sequences were analyzed by using the following programs: PC/GENE package (IntelliGenetics, Inc., Mountain View, Calif.), PCFOLD (60) , and DNA Strider (34) . Identification of open reading frames (ORFs) was done by the methods (included in the PC/GENE package) of Fickett (12) and Kolaskar and Reddy (31) . A program similar to the FRAME program developed by Bibb et al. (3) was also used for identification of ORFs. The FRAME program is based on the biased codon usage that occurs in organisms having a high G+C content.
Predicted proteins were studied and analyzed for the presence of hydrophobic domains, predicted to be transmembrane segments (30) , and for transmembrane alphahelices (2, 9, 10) in order to determine if these proteins could be associated with membranes. The hydropathy of protein sequences was calculated by the algorithm of Kyte and Doolittle (32) with a window of nine amino acids (aa). The predicted proteins were also scanned for similarities to the Swiss-Prot data bank version 22 by using the FASTA program (39) . The TFASTA program was used to compare the sequences of the different predicted proteins with the DNA sequences present in the EMBL data base (version 31) by translating the DNA sequences to protein in all six frames.
The predicted proteins were subjected to searches for the presence of DNA-binding domains (helix-turn-helix, Znbinding domains, and leucine-zipper coiled coil) (15) and for the presence of nucleotide-binding fold domains (55) .
Nucleotide sequence accession numbers. The EMBL accession number of the sequence of pSAM2 regions involved in transfer and pock formation is Z19593, that of the sequence of pSAM2 regions involved in maintenance is Z19589.
Transfer and pock formation 1.85 (7) 
RESULTS
Nucleotide sequences of the regions involved in pSAM2 transfer, pock formation, and plasmid maintenance. Previously, it was shown that the SmaI(2)-NnrI(8) region of pSAM2 ( Fig. 1 ) is involved in conjugal transfer and pock formation (46) . It was also shown that the BamHI(11)-SacI(14) region of pSAM2 is involved in its maintenance (either integrated or free) ( Fig. 1 ); deletion of this region is lethal for the plasmid or for the host, but if the BstEII(4)-NruI(8) region is deleted simultaneously, Streptomyces transformants can be obtained. Between these two regions, a region involved in pSAM2 maintenance as a free molecule is present (46) . To refine the genetic analysis, the DNA sequences of the regions involved in transfer, pock formation, and plasmid maintenance were determined.
DNA of the shuttle plasmid pTS39 (composed of pSAM2, pBR322, and the thiostrepton resistance gene [ Table 1 ]) was digested with various restriction enzymes, and the different fragments obtained were cloned by insertion into the appro-priate sites of M13mpl8, M13mpl9, or pUC19 and sequenced.
The sequence of the SmaI(2)-NruI(8) region involved in pSAM2 transfer and pock formation is given in Fig. 2a , and that of the BamHI(11)-SacI(14) region involved in plasmid maintenance is given in Fig. 2b .
Analysis of the nucleotide sequences of the transfer, pock formation, and plasmid maintenance regions of pSAM2. The G+C content of the sequenced regions involved in pSAM2 transfer and plasmid maintenance is 71.6 and 66.5%, respectively, which is a little lower than the average Streptomyces G+C content of 73% (11) .
The nucleotide sequences were analyzed for the presence of ORFs by three different methods, as described in Materials and Methods. Because of the high G+C content of Streptomyces DNA, codon usage tends to be severely biased (3) . In the region involved in pSAM2 transfer and pock formation ( Fig. 1, 2a 
Transmembrane segment (Fig. 1 ). The predicted amino acid sequences encoded by ORFs are shown below or above the nucleotide sequence, depending on the coding strand (see Results). fM, first translated amino acid for both AUG and GUG codons; S.D., potential Shine-Dalgarno region preceding the initiation codon with base complementary to the S. lividans and S. ambofaciens 16S rRNAs. The most significant direct repeats (D.R.) are boxed, and the inverted repeats (I.R.) are indicated by facing arrows. D.R.1 and D.R.2 are direct repeats present upstream of the korSA and traSA genes. Amino acids of possible transmembrane segments, membrane helices, or helices from possible helix-turn-helix motifs are underlined. The start of the pD19 (Table 1) named, for reasons given below, traSA, orf84, spdA, spdB, spdC, and spdD. In the region involved in pSAM2 maintenance, one ORF, named korSA for reasons given below, is present (Fig. 1, 2b, and 4 ). All the predicted ORFs are transcribed in the same direction. Strohl (51) has analyzed the putative Shine-Dalgarno sequences of 44 Streptomyces genes and has identified the conserved sequence to be (a/g)-G-G-A-G-G. In most of the ORFs identified, one such sequence was present near the predicted initiation codon ( Fig. 2) . The characteristics of each ORF are summarized in Table 2 .
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Functional and sequence analysis of the traSA gene and traS4-encoded protein: involvement in pSAM2 intermycelial transfer. Previous studies (46) had shown that pSAM2 derivatives carrying deletions in the SmaI(6)-NruI (8) a Data for korSA refer to nucleotide positions in Fig. 2b ; those for all other ORFs refer to nucleotide positions in Fig. 2a . 302 to 1219 ( Fig. 2a ). Derivatives carrying a deletion in the C-terminal part of this ORF (pD19) or in the entire ORF (pD8) did not form pocks, and their transfer abilities were very low ( Fig. 3) . No other deletions had such dramatic effects on pSAM2 pock formation, suggesting that this ORF encodes a protein required for pSAM2 intermycelial transfer from the donor to the recipient. Therefore, we called the gene traSA (for transfer gene of S. ambofaciens) and called its product TraSA. traSA cannot be introduced into Streptomyces spp. in the absence of the BamHI(11)-SacI (14) region (46) ( Fig. 4 ), indicating that it has a lethal effect (kil locus). The functional properties of traSA are similar to those of transfer genes from other Streptomyces plasmids, such as tra of pIJ101 (28) or traB of pSN22 (24) , which are essential for transfer and pock formation and which also have lethal effects.
CGACAAGCGGCTCTTGGGGCCGCCGCCACCGTAGATGCGGGCTGAGCTTCTGGTGCCCGT E F A E F V E T L Q A R P A S K A E A T 841 CGAGTTCGCCGAGTTCGTCGAGACGCTGCAAGCACGGCCGGCCTCTAAGGCGGAAGCCAC GCTCAAGCGGCTCAAGCAGCTCTGCGACGTTCGTGCCGGCCGGAGATTCCGCCTTCGGTG E L A L S P G A P V V H L I R E A R T T. 901 CGAACTGGCTCTCAGCCCAGGCGCCCCGGTCGTTCACCTGATCCGGGAAGCCCGCACCAC GCTTGACCGAGAGTCGGGTCCGCGGGGCCAGCAAGTGGACTAGGCCCTTCGGGCGTGGTG
The study of the TraSA amino acid composition revealed the presence of one hydrophobic stretch of amino acid residues (17 aa in length; aa 176 to 193) predicted to be a transmembrane segment by the method of Klein et al. (30) . Furthermore, it contains two short sequence motifs, A (aa 78 to 85) and B (aa 102 to 106) ( Fig. 2a and Sa), similar to nucleotide-binding domains (55) . The deduced traSA product has significant similarity (23.1% identity and 61% overall similarity in a 225-aa segment) to Tra of pIJlOl, the major protein involved in pIJ101 transfer (Fig. 5a ). Interestingly, pIJ101 Tra protein may also be a nucleotide-binding protein NruI (8) (28) . However, it should be noted that traSA of pSAM2 is predicted to encode a protein half the size (306 aa) of that encoded by tra of pIJ101 (621 aa). TraSA has similarities only with the C-terminal half of Tra of pIJ101 (Fig. Sb) .
Downstream from traSA lies another ORF. There are two possible start codons for this ORF. If the first initiation codon is used, the ORF would encode an 84-aa protein that overlaps the last 43 aa of traSA. The second possible start codon overlaps the TGA stop codon of traSA. If this second initiation codon is used, this small ORF, encoding a 41-aa protein, and traSA might be translationally coupled. Such a situation is quite common in Streptomyces operons (28) . No proteins with significant sequence similarity to the putative products of these ORFs were identified in the data bases examined.
Functional and sequence analysis of spd4, spdB, spdC, and spdD: involvement in pSAM2 spreading within the recipient mycelium. Previously it was shown that derivatives carrying deletions in the BstEII(4)-SmaI(6) region were affected in their pock sizes and transfer abilities (46) (Fig. 1) . Analysis of this region revealed the presence of four putative ORFs: spd4, spdB, spdC, and spdD ( Fig. 2a and 3 ). Derivatives carrying a deletion in spdD (pD6A) or in which the BstEII(4) site located in this ORF was destroyed by Klenow fragment (pTS59A) yielded almost normal pocks like those of pTS39. However, pD6A transfer efficiency was rather low (Fig. 3) . Uninterrupted transcription through spdD is necessary for Sau3A (5) BstEIl (4) SmiaI (2) ftrSA oiT8 spdA~Sparsic 7RMb
Omega interposon Fig. 1 . Thick lines represent the extents of the deletions. Transfer is calculated from the ratio of recipient colonies containing the plasmid to those without. The transfer efficiency is given in comparison to that of pTS39, which is defined as 1. The sizes of pocks are compared with those generated by pTS39 (46) . ND, not determined. BaniHI (16) Sacl (14) BaniHI (11) were affected in their transfer abilities (46) . The results presented in Fig. 3 show that spdD is involved in pock morphology and transfer efficiency. Since spdD is affected by all deletions presented in Fig. 3 , we cannot reach unambiguous conclusions about the functions of genes upstream of spdD. However, increasingly large deletions upstream of spdD cause increasing defects in pock morphology and transfer efficiency. Therefore, we propose that the three genes upstream of spdD are also involved in pock morphology and transfer efficiency. The functional properties of spd genes have some similarities to those of transfer genes of other Streptomyces plasmids, such as the spread genes of pIJ101 or pSN22. In these plasmids, deletion of the spread genes also results in small pocks. For pSN22, it was suggested that the reduced pock size corresponds to reduced intramycelial transfer (24) . Therefore, pSAM2 spd genes also seem to be involved in spreading within the recipient mycelium (intramycelial transfer).
For spdA, we have chosen as its start codon the AUG that is preceded by the best potential Shine-Dalgarno sequence (5'-AAGGAG-3'). The deduced SpdA protein is predicted to have a hydrophobic domain within the first 45 aa and four transmembrane helices.
The putative spdC product is extremely rich in hydrophobic amino acids (80.3%) and especially in leucine residues (25%). The protein was classified as an integral membrane protein by the method of Klein et al. (30) .
The putative SpdD protein is also extremely rich in hydrophobic residues (69%) and was classified as an integral membrane protein by the method of Klein et al. (30) . Computer-assisted comparison between SpdA, SpdB, SpdC, or SpdD amino acid sequences and protein sequences in the data bases did not reveal any significant similarity.
Thus, the spd genes of pSAM2 appear to be involved in spreading within the recipient mycelium but are unlike the spd genes of other Streptomyces plasmids.
Functional and sequence analysis of korSA: involvement in the pSAM2 kil-kor system. Previous studies have shown that derivatives carrying deletions in the BamHI(11)-SacI(14) region ( Fig. 1 and 4) could not transform S. lividans (46) . The analysis of this region revealed the presence of one ORF.
Plasmids with deletions within this ORF were nonviable, even when the regions involved in integration were present, but this ORF could be deleted together with the traSA gene to give viable, nonconjugative plasmids (pD8). Thus, the region containing traSA, the major gene involved in pSAM2 transfer, probably constitutes a kil locus whose lethal effects are controlled by the product of the ORF identified in the BamHI(11)-SacI (14) (28) or traR of pSN22 (25) , which are involved in the kil-kor systems of these plasmids. Thus, traSA and korSA seem to be the components of pSAM2 kil-kor system. In its amino-terminal part, KorSA has a region similar to the consensus DNA-binding helix-turn-helix motif found in many prokaryotic repressor proteins (15, 38) . When the predicted amino acid sequence for the KorSA protein was compared with other sequences, the best scores were obtained with proteins deduced from korA of pIJ101, traR of pSN22, orfL of pSCL1, and impA of SLP1. KorA (241 aa) of pIJ101 (72.8% similarity and 25.1% identity in a 239-aa overlap) is a repressor of transcription from the overlapping, divergent promoters of tra (kiL4) and korA (28, 48, 49) genes. The traR gene product (246 aa) (23) from pSN22 (66.5% similarity and 25.1% identity in a 215-aa overlap) is involved in the kil-kor system of pSN22, and it represses its own transcription and also the transcription of the traA-traB-spdB operon (24, 25) . ORFL (248 aa; 69.2% similarity and 26.1% identity in a 253-aa overlap) is a predicted protein from pSCL1, a linear plasmid from Streptomyces clavuligerus (57) . KorSA also shows significant similarities (70.2% similarity and 28.4% identity in a 275-aa overlap) to the product of impA (269 aa) from the integrating plasmid SLP1 from Streptomyces coelicolor. impA, which is now known to represent a single reading frame that encompases the segments formely believed to represent two separate reading frames, orfA and orfB (14, 45) , is located in the genetic locus imp (for inhibition of maintenance of SLP1 plasmids), and its putative product may be involved in the control of SLP1 replication.
KorSA, like KorA, TraR, ORFL, and ImpA, also shows similarities to other known repressor proteins, all belonging to the GntR family of transcriptional regulators (transcriptional repressor of the Bacillus subtilis gluconate operon [13] ). This family includes the E. coli P30 protein (240 aa) (8) , which is possibly a transcriptional regulator of the succinyl coenzyme A synthetase operon (22.8% identity with KorSA in a 240-aa overlap); the E. coli A protein (236 aa) (50) (22.0% identity in a 123-aa overlap), which is a possible transcriptional regulator for the pyruvate dehydrogenase complex; and the histidine utilization repressors (HUTC) of Pseudomonas putida (1) (26.2% identity in a 225-aa overlap) and Kiebsiella aerogenes (44) (25.4% identity in a 228-aa overlap).
DISCUSSION
The nucleotide sequences of the regions involved in transfer, pock formation, and plasmid maintenance of the integrating element pSAM2 have revealed seven putative ORFs all reading in the same direction. As shown previously (46) , pSAM2 needs to replicate for its transfer; therefore, the genes involved in pSAM2 replication are also required for pSAM2 transfer. In this work, only the genes involved in pSAM2 transfer, not those involved in replication, were studied. pSAM2, although an integrating element, possesses all the features of transfer identified in Streptomyces nonintegrating plasmids. It has been proposed that transfer of Streptomyces nonintegrating plasmids is accomplished through two steps: intermycelial transfer mediated by transfer functions and intramycelial transfer directed by spread functions (21) .
Several genes involved in these two steps have been identified in the case of pIJ101 from S. lividans (28) and pSN22 from Streptomyces nignifaciens (24) . tra and traB are responsible for the intermycelial transfer of pIJlOl and pSN22, respectively; they are essential for conjugative plasmid transfer and pock formation. We have shown that pSAM2 also possesses a gene essential for conjugative transfer and pock formation, traSA. Furthermore, we have found sequence similarities between traSA and the genes involved in the intermycelial transfer of some Streptomyces nonintegrating plasmids. traSA could encode a protein with similarities to Tra of pIJlOl, and both putative proteins were shown to contain a nucleotide-binding consensus sequence. TraB of pSN22 may also be a nucleotide-binding protein (23) . This suggests a common function for these proteins. One hypothesis is that they bind ATP and utilize the free energy of ATP hydrolysis to drive plasmid transfer. Enzymes binding ATP and involved in the transfer have been identified in gramnegative bacteria. For example, the kilBI gene of plasmid RK2 involved in RK2 transfer also contains an ATP-binding motif (36) . spdA and spdB from pIJlOl and spdA, spdBI, spdB2, spdB3, and spdB4 from pSN22 have been proposed to be involved in spreading within the recipient mycelia (intramycelial transfer) because a mutation in any one of these genes results in derivatives with reduced pock size. In the case of pSAM2, we have identified four ORFs, spdA, spdB, spdC, and spdD, which seem to be involved in intramycelial transfer. The spd4, spdB, spdC, and spdD genes of pSAM2 have an organization similar to that of the spdB genes of pSN22 (23) . spdA, spdB, spdC, and spdD are read in the same direction, and the consecutive stop and start codons are separated by only a few nucleotides. Each spd gene is preceded by a good potential Shine-Dalgarno sequence. No significant hairpin structures were found downstream from these genes, and we can hypothesize that all these genes are cotranscribed, as is the case for pSN22 spdB genes. The putative pSAM2 spd gene products, like those of pIJlOl and of pSN22, could be membrane associated.
Transfer of some Streptomyces nonintegrating plasmids has been shown to be associated with a kil-kor system. A kil-kor system has also been identified in gram-negative bacterial plasmids. In pKM101, a 35.4-kb self-transmissible IncN plasmid, two lethal genes, ki4 and kilB, are involved in plasmid transfer (56) . In pCUl, another IncN group plasmid, two loci, kikA and kikB (for killing in Klebsiella), promote killing of Klebsiella spp. and were associated with transfer (16, 52) . In RK2, a broad-host-range IncP plasmid, the Kil phenotype can be associated with a variety of functions: khlBI is required for conjugative transfer, kiLA is part of an operon which confers tellurite resistance, and the KilD+ phenotype is the result of the strength of a replication gene promoter (36) . Whereas in gram-negative bacteria kil-kor systems are associated with diverse functions, all kl-kor systems identified so far in Streptomyces spp. are associated with transfer. Akhl-kor system has been identified in pIJ101 (kilB-korB and tra-korA) (27) and in pSN22 (traB-traR) (25) . In all cases, Kil phenotypes are associated with transfer genes. For pSAM2, through functional (46) and sequencing analysis, we have identified a kil-kor system associated with transfer and have shown that the region containing traSA, the major pSAM2 transfer gene, is a kil locus. In the case of pIJ101, the tra promoter is sufficient to cause the Kil phenotype. In the case of pSAM2, one can wonder whether the Kil phenotype is due to the traSA promoter or to the traSA gene product. korSA could encode a 259-aa protein with amino acid sequence similarities to KorA of pIJ101, TraR of pSN22, ImpA of SLP1, ORFL of pSCL1, and other proteins belonging to the GntR family of transcriptional repressors. This suggests that KorSA may be a transcriptional regulatory protein that controls expression of the traSA gene. It should be noticed that all Streptomyces plasmids, either circular, linear, or integrating, which have been extensively sequenced possess a gene whose product has similarity to the product of korSA and to other repressor proteins of the GntR family.
Where could the DNA sequence recognized by the korSA gene product be located? In pIJ101 and pSN22, KorA, KorB, and TraR repress tra, kilB, and traA-B transcription, respectively, as well as their own transcription. In the case of pIJlOl, inverted repeats present in the promoter region of kilB and korB (49) have been shown to constitute the binding site for the KorB protein (59) . If the same is true for pSAM2, we would expect to find sequence similarities in the regions upstream of traSA and korSA. Such similarities were indeed found (Fig. 2) .
What could be the role of a kil-kor system? We can hypothesize that, as suggested for pIJlOl (49, 59) , the role of the pSAM2 kil-kor system is to retard recipient cell growth until a high enough pSAM2 copy number is reached in the recipient strain. The unregulated pSAM2 traSA gene (k1) may inhibit recipient cell growth so much that pock formation results. There are some differences between pSAM2 transfer and kil-kor genes and those of nonintegrating Streptomyces plasmids. TraSA (306 aa) is half the size of Tra of pIJ101 (621 aa) and TraB of pSN22 (641 aa). Some transfer genes have been identified in some Streptomyces plasmids and not in others. For example, in the case of pSN22, a transfer gene (traA) essential for pock formation but not for plasmid transfer has been identified. No gene with similar properties was identified in either pSAM2 or pIJ101.
Differences are also found in the genes involved in intramycelial transfer. pSAM2 spd gene mutants are affected not only in their pock sizes but also in their transfer abilities, whereas spd genes mutants of pIJ101 and pSN22 are affected in their pock sizes but are still self-transmissible. However, kilB mutants of pIJ101, like spd mutants of pSAM2, form small pocks and are affected in their transfer efficiencies.
In addition, unlike that of the Streptomyces nonintegrating plasmids studied so far, transfer of pSAM2 is linked to its replication (46) . We have found similarities in sequences upstream of korSA, traSA, and rmf, a gene located between korSA and traSA which may be involved in the control of pSAM2 replication (unpublished observation). Thus, korSA could act both on the traSA gene and on a replication control gene. Such a situation has been described for the plasmid RK2, in which TrbA controls both replication and transfer functions (22) .
Thus, pSAM2 is an example of an integrating element that possesses transfer functions with the general features of those of nonintegrating Streptomyces plasmids (intermycelial transfer, intramycelial transfer, and a kil-kor system). pSAM2 is therefore a novel element with an integration system similar to that of temperate bacteriophages (6), a replication system similar to that of elements that replicate by a rolling circle replication mechanism (14a), and transfer functions with some similarities to those of other Streptomyces plasmids.
